Unleashing the Power of Digital on Farms in Russiaand Seeking Opportunities for Small Farms 
Last but not least, the team is very grateful to Irina
Prusass for assistance throughout the process, and On some large farms in Russia today, links to satellites control farm machinery and customize the application of inputs to specifi c areas in farmers' fi elds.
Hyperlocal weather information drives fi eld-level activity and marketing decisions. Information platforms allow farmers to plan and monitor the use of their farm equipment and to fi nd buyers and sellers for the products they use and produce. Pests and diseases can be identifi ed remotely (using digital imaging from drones and satellites) and responses can be mobilized rapidly. Soil monitors measure soil moisture to trigger irrigation and enable new customized approaches to water management. Mobile phones send actionable signals to farm equipment.
Sophisticated management applications help to do farm planning. Production and harvest monitoring tools make it possible to control the quality of farm products. For these reasons, among others, the Internet is a critical tool in their farming toolbox.
However, many of Russia's farms-especially small and medium farms-lack the connectivity and skillsets needed to take advantage of such technologies. Many of these small farms also lack the equipment and the know-how to take advantage of the transformational digital opportunities from which they might profi t. Yet the ever-expanding connectivity and availability of information and communication technology (ICT) and digital tools could make it possible for transformational developments to happen on small, traditional, remote, and disadvantaged farms too.
The upside of technology adoption is evidenced in the domestic trajectory of yields and production. The developments and tools mentioned above are transforming farming and agribusiness in Russia and across the world. They are raising productivity and driving increases in value added and incomes in farming-however, as suggested above, they also bring with them the possibility that smaller farms might be left behind. This does not have to be the case. But ensuring that small and poor and remote farms share in the benefi ts of digital advances may, at least in some dimensions, require proactive assistance from the public sector. The emergence of digital tools and technologies is also making it possible for public programs and policies to be more effi cient, relevant, evidence-based, tailored and targeted, transparent and monitorable, and generally more effective than ever before in their support of agriculture. As a result, the public sector has the possibility of playing new roles and using new digitally enabled methodologies to support the agriculture sectorand it has new tools to work proactively with small farms to ensure that they are not left behind.
Box 1. A note on farm structure in Russia
The structure of agricultural production by type of farm has changed substantially since the early years of the post-Soviet period. During the 1990s production in large agri-enterprises declined sharply as a result of outdated technology and lack of investment. Production on predominantly noncommercial household plots was more stable during that period. As a result, in the period 1991-2002, the share of household plots in overall production increased from 40 percent to 65 percent. In the 2000s, however, growth in the agriculture sector was supported by production in both household plots and agri-enterprises. After 2010 there was a shift toward commercial production driven by investments, government programs, and increasing demand. Such growth of commercial production was predominantly led by agri-enterprises (former kolkhoz and sovkhoz enterprises and new corporate agribusinesses) and an emerging new class of family farms. The role of household plots in total agricultural production therefore started to decline. A share of households registered as family farmers, but others exited agricultural production because of an aging population, health issues, migration, and the refusal of younger generations to do manual work on their own household plots. and facilitate access to farm-level and aggregate sectoral information for the purposes of analysis.
Making information available to farms and agribusinesses
More than ever before, digital tools and services make it possible for relevant and detailed information and knowledge to be made available directly to farmers and to other stakeholders in the agriculture sector. Such digital services can be either "push" or "pull" in nature. On the one hand, such services can allow advisors to push information directly to farmers when experts recommend that farmers consider using it for their own crops and conditions-perhaps sending information to their phones or to other locally available digital devices. A common example of this in Russia can be found on large agri-holdings.
For these farming companies, detailed technical instructions can be relayed from agri-holding headquarters directly to staff in fi elds. Similarly, precise information and instructions can be sent directly from satellites to farm workers and farm machinery in real time as they work with crops and livestock in fi elds and barns-adapting seeding rates, fertilization, feed mixes, and so forth on the go. This is precision agriculture.
On the other hand, such digital information services can be pull in nature-allowing farmers to pull infor- 
Robotic soil testing and mapping
In an attempt to complement current soil test methods, RoboProb designs a robotic platform for automated soil sampling to minimize human error and increase effi ciency. 7 The platform is a self-propelled complex that can work as a stand-alone device or as a trailing unit on any transport vehicle.
The automation service of RoboProb soil sampling, labeling, and packaging is able to save farm labor requirements so it can decrease from a team of fi ve to
Unleashing the Power of Digital on Farms in Russia -and Seeking Opportunities for Small Farms a one-man team that will suffi ce for up to 36 pieces of sampling in one attempt. The robotic complex leverages ground-based methods to mitigate the assessment errors that exist between the device and the soil, to which remote sensing is highly prone.
While positioning accuracy to up to 1 meter, the device is able to move at a speed of up to 30 kilometers per hour.
Once the tasks are completed, the data extracted from the farm are compiled into an electronic soil map that details the fertilizer application of each plot.
The above examples demonstrate the promise of small farmers and will help them to get access to new practices.
Thus the establishment of data collection infrastructure in Russia-that is, a system including policy measures, institutional arrangements, technologies, data, and qualifi ed staff -will facilitate information exchange between regions and help achieve national and international objectives for both sustainable development and business development. This will become a signifi cant milestone in the development of the science founded in Russia.
PART II: Digital tools stimulate agriculture market opportunities Farm has leveraged blockchain for smart contracts to enhance business effi ciency and reliance.
To date, the technology and its application still require both public and private sectors-particularly the fi nance institutions, technology specialists, and business owners-to enhance regulation and provide support for the public to understand the risk and advantages of employing it.
19 Information about TakeWing is available at http://www.takewing.com.tw/.
20 Information about Agrivita can be found at https://agrivita.ru/.
21 Further information about LavkaLavka, the organic farm-to-table restaurant cooperative, can be found at http://restoran.lavkalavka.com/en/.
22 Further information about Infi nans is available at https://infi nans.info/ (in Russian).
Box 2: What is blockchain?
Blockchain is a secure, shared, distributed ledger technology that decentralizes any transaction process that transfers something valuable. In a blockchain network, if a participant-also known as a node or a peer-wants a transaction, it requests the transaction, which is broadcast to all other nodes connected to the network. The transaction is validated by all other participants in the network; once this has been done, the transaction is added as a "block" to the chain of transactions that is formed to date.
Blockchain is disrupting the way trust is formed and practiced, the indispensable element behind any form of transaction involving more than one party. Going back to the conventional defi nition, blockchain is considered disruptive because it essentially decentralizes the authority of trust and distributes and shares the responsibility of trust to everyone in the network. Because this trust is distributed, blockchain is believed to increase transparency and enhance security because transactions are made only by consensus between involved participants and cannot be tampered with. The improved trust, in turn, enables businesses, government, and society to reduce transaction costs and lessen their dependence on intermediaries along any transaction process. To sum up, blockchain has four main characteristics. It is transparent, consensus-driven, immutable, and trustless (trust is not necessarily a requirement).a
The use of blockchain in agriculture can benefi t the global food system by improving the process in which food is produced, delivered, and sold.b In particular, blockchain is believed to have immense potential in three key areas of the agriculture industry: (1) provenance and transparency; (2) mobile payments, credits, and decreased transaction fees; and (3) supply chain transactions and fi nancing. For example, blockchain can address the issues of food quality and safety because it improves traceability and transparency within agriculture value chains. The improved traceability and the immutability of data can also help verify the accuracy of food production, certifi cation, and food processing steps more easily and effi ciently. Blockchain can also help reduce food loss and food waste costs since transactions can expedite and are less likely to be disputed in the process. Moreover, smart contracts-self-executing contracts run by a computer program that can be encoded to blockchain-enable involved parties to transact without intermediaries, eventually lowering the fi nal price of the product for the end-consumers. The ability to skip middlemen in agricultural value chains could potentially create and improve access to fi nance in the developing worlds.
Challenges
Despite the opportunities that blockchain could potentially introduce, it is still too early to determine the viability and scalability of blockchain in agriculture and broader development sectors. The Center for Global Development (CGD) notes that privacy concerns for publicly shared data, operational and institutional resiliency, and governance are remaining hurdles to be addressed before applying blockchain to development challenges. Furthermore, as Agfunder points out, "connecting the technology to viable business models and compelling use cases" is the challenge for blockchain and for agri-tech at large. Last but not least, blockchain adoption in agriculture would also require a signifi cant level of technical understanding from farmers.
Going forward
Much hype surrounds the potential of blockchain in global development, including in farming and agriculture sectors. The technology not only disrupts business as usual but also requires a fundamental change in the way society works as well as the way we think. That said, it is worth continuing the discussion on blockchain's implications so we can harness the technology to solve the global food security challenges.
Global examples of digital solutions for market opportunities
Worldwide small and medium farms and agribusinesses have witnessed and experienced fi rst-hand the revolution that digital technology can bring to their doorsteps, facilitating access to market and finance. In emerging markets especially, local innovation has burgeoned in solving issues stemming from the lack of market information, market information
Additional resources

Noteworthy Application Cases in Agriculture
The World Food Programme (WFP) is applying blockchain for cash transfer schemes to support Syrian refugees.
Ripe and Filament, a blockchain project, works to make secure transfer of crop and supply chain data.
Skuchain is leveraging its expertise in supply chain management to improve the traceability of the food supply chain by applying blockchain.
The company Provenance helps improve the traceability of food and food origin across the supply chain.
International Business Machines Corporation (IBM) introduced a peer-to-peer network-based weather application.
The Dutch Ministry of Economic Aff airs, the University of Wageningen, and the TNO organization introduced their proof of concept on the blockchain application for the South African table grape supply chain.
Other resources
See Satoshi Nakamoto's original white paper on bitcoin for technical details (Nakamoto, no date) News articles on blockchain and agriculture featured in this note: 
Linking farmers with financing in Turkey
In Turkey, a fi n-tech company called Tarfi n provides fi nance to small farms by working with input suppliers under the assumption that fi nancing for input purchases will benefi t farms the most. 
Blockchain in agriculture
The advent of blockchain, one type of distributed ledger, brings the potential to revolutionize traceability and data transparency throughout the agriculture value chain. As a decentralized platform, data are encrypted and broadcast within the peer-to-peer network, enabling all parties to agree on the data Facilitate open data and ensure data security
Making data available to a wide array of audiences, including software engineers, agronomists, and data scientists, facilitates all types of analytics to inform farm operations as well as to design products and services tailored to specifi c end-users' needs.
Agronomic statistics housed under public authorities provide a fundamental basis for the aforementioned actors as well as mobile network operators and telecommunication companies to structure new layers onto the IoT platform, thereby deepening existing knowledge and enriching analysis for precision farming.
On the fl ip side of data openness, data security and privacy in an interconnected system arouse significant concerns. Agricultural data of any level-such as household surveys, farm production records, and business intelligence records-entail sensitive and confidential insights not only into individuals but also into broader geographic security or economic interests.
Legislation around the data-sharing mechanism's guiding purpose of data access, intellectual property 
Support technology research and development
Continuous research on technology development to advance computing speed and strengthen the existing IoT platform capacity by consolidating and expanding application capacity will propel the ecosystem to evolve and closely serve the industries.
Investment in training for data scientists, technology specialists, and end-users and in rapid prototyping will speed up the IoT ecosystem evolution, thereby gaining deep customer insights to capture untapped development opportunities. Table 2 summarizes the above discussion in matrix form. Although the majority of tasks in building an enabling IoT ecosystem require public and private partnerships, it is essential to consider also the political system and power dynamics within the country and to seek anchors and champions for specifi c policy agendas. 
